We report on the temporal and spatial expression pattern of two novel genes of the Xenopus fork head/winged helix family, xFoxB2 and xFoxI1c. xFoxB2 is activated at the late blastula stage and first expressed within the dorsolateral ectoderm except for the organiser territory. During gastrulation, xFoxB2 is found in two ectodermal stripes adjacent to the dorsal midline. Expression is completely down-regulated during neurulation. However, two distinct sets of cells expressing xFoxB2 re-appear in the rhombencephalon of swimming tadpoles. xFoxI1c is initially expressed at the early neurula stage in an epidermal ring around the neural field. Subsequent expression is found to be increased, and is exclusively localised to placodal precursor cells. The placodal expression remains until stage 40, when it is restricted to a distinct region in the lateral body wall behind the gills. q
Results and discussion
Transcription factors of the fork head/winged helix multigene family are pivotal regulators for embryonic development. They are characterised by an evolutionary conserved DNA binding domain comprising 110 amino acids (Kaufmann and Knöchel, 1996) . In the present study, we have investigated the genomic structure of two novel genes, xFoxB2 and xFoxI1c, which formerly had been isolated as incomplete genomic fragments termed XFD-5 and XFD-10 ( Knöchel et al., 1992; Lef et al., 1996) (for the new nomenclature see Kaestner et al., 2000) . Both genes were isolated from a genomic library, and corresponding cDNAs have been obtained from cDNA libraries of Xenopus laevis embryos. Here we report the complete gene sequences from the start sites of transcription as determined by 5 0 -rapid amplification of cDNA ends (RACE) (data not shown) to the poly(A) addition sites as found within the corresponding cDNAs. The xFoxB2 (XFD-5) gene contains only one exon (Fig.  1A) . The fork head domain within the resulting protein is directly located at the N-terminus, a feature which is shared by the Foxb2 (fkh-4) mouse orthologue (Kaestner et al., 1993) and by members of the closely related FoxB1 subfamily (Fig. 1B) . The Foxb2 mouse protein exhibits seven amino acid substitutions within the fork head domain as compared to xFoxB2 and contains an additional Pro-HisAla-Gln-rich stretch shortly behind the fork head domain. Except for this insertion, the overall identity is calculated at 73.2%. The Xenopus FoxB1 (fkh-5) gene (Gamse and Sive, 2001 ) is clearly related to but different from xFoxB2. This difference becomes especially evident by a comparison of the C-terminal parts of both proteins. xFoxB2 and xFoxB1 proteins share 47.7% identity showing eight amino acid substitutions within their fork head domains.
The xFoxI1c (XFD-10) gene is composed of two exons being separated by an intron directly positioned within the fork head domain (Fig. 1A) . The presence of an intron at this position is also characteristic for other members of the FoxI1 subfamily, since the closely related genes xFoxI1a (XFD-2) and xFoxI1b (XFD-2 0 ) show the same structural organisation (Lef et al., 1994; Kaufmann and Knöchel, 1996) . While these latter two genes can be regarded as pseudo-allelic versions of a common ancestral gene due to the known tetraploidisation event in Xenopus laevis, they must be classified as paralogues to xFoxI1c and might, therefore, be better aligned to a new subfamily. Orthologues to the Xenopus xFoxI1 have been described from several species including mouse (Fkh10: Hulander et al., 1998) , rat (HFH-5: Clevidence et al., 1993) and human (FREAC6: Pierrou et al., 1994; HFH-3: Overdier et al., 1997 ingly, they differ from the amphibian sequences by a deletion of 30 amino acids within the N-terminal region and an insertion of approximately 20 amino acids in their C-terminal parts (Fig. 1C) . Apart from these deletions/insertions xFoxI1c exhibits 67.3% identity to mouse Foxi1 and 72.4% identity with human FOXI1. Inside the fork head domains, there are nine amino acid substitutions found between xFoxI1c and the mouse or human orthologues, respectively, but 12 substitutions in comparison to the paralogues xFoxI1a/b. The temporal and spatial expression of these novel fork head genes was analysed by reverse transcriptase-polymerase chain reaction (RT-PCR) and by whole mount in situ hybridisation. In contrast to earlier studies (Lef et al., 1996) using less sensitive methods we now detect FoxB2 transcripts in early development of Xenopus laevis (Fig. 2) . However, transcription of this gene is temporally restricted, starting after midblastula transition, showing a peak during gastrulation and being completely extinguished at the end of neurulation. This finding is supported by the results from whole mount in situ hybridisation. Initial expression is found at the early gastrula stage in the sensorial layer of the ectoderm at the dorsal side of the embryo. The most RT-PCR was performed with RNA of different developmental stages using primers for FoxB2, FoxI1c and FoxI1a. Histone H4 was used as an internal control, staging was done according to Nieuwkoop and Faber (1967). intense staining is found in two patches within the dorsolateral region, leaving the prospective dorsal midline free of transcripts (Fig. 3A, B) . Following the migration of the underlying mesoderm, FoxB2 expression shifts to more anterior regions in two stripes lateral to the dorsal midline (Fig. 3C) . With the onset of neurulation, the more posterior expression disappears and stained cells within the anterior region are found in the neural plate directly adjacent to the underlying notochord (Fig. 3D, E) . When the neural plate begins to sink into the embryo, FoxB2 expressing cells are shifted closer to the midline (Fig. 3F) and are finally positioned at the bottom of the neural tube on top of the notochord, nearly invisible from outside (not shown). There is no xFoxB2 expression during later stages until stage 35, when a pair of FoxB2 expressing cells appears within the rhombencephalon, being followed shortly afterwards by a second set located more posteriorly and closer to the midline (Fig. 3H,  J) . The first set of cells is positioned in the fourth rhombomere dorsal to the otic vesicle. It corresponds to a very distinct region in the dorsolateral outer area of the rhombencephalon (Fig. 3I) . The second set of xFoxB2 expressing cells is located at the ventricular side of the rhombencephalon, presumably in rhombomere 6 (Fig. 3J,K) .
The early expression pattern of xFoxB2 is very similar to the pattern described for xFoxB1 (fkh-5) (Gamse and Sive, 2001 ). However, transcription of FoxB2 is weaker (compare Fig. 3F and G) and is completely down-regulated at the end of neurulation. In contrast, expression of FoxB1 persists and is found along the length of the central nervous system and in the tailbud. Furthermore, when FoxB2 expression reappears within the rhombencephalon, FoxB1 transcripts are located at a more anterior region dorsal to the eyes (Fig. 3L) . Interestingly, a comparison of the expression patterns of Foxb2 and Foxb1 in the mouse embryo had also shown that these genes are expressed in adjacent and partly overlapping areas of the developing brain and in the cg, cement gland; dl, dorsal lip; ey, eye; np, neural plate; no, notochord; ov, otic vesicle; rh, rhombencephalon. thymus. In adult mice, Foxb2 is additionally found in the spleen, ovary and testis (Kaestner et al., 1993 (Kaestner et al., , 1996 .
The xFoxI1c gene is activated at the late gastrula stage and transcripts accumulate continuously until stage 30 (Fig.  2) . This temporal pattern is significantly different from those of the closely related FoxI1a/b genes, which are already transcribed at stage 7 and show identical patterns (Lef et al., 1994) . Expression is strongest during gastrulation and transcript levels decrease until the end of development. The spatial expression of FoxI1c was again determined by whole mount in situ hybridisation (Fig. 4) . This analysis renders additional and important features to those already described (Scheucher et al., 1995) . FoxI1c transcripts are detected at stage 14 in a horseshoe shaped ring surrounding the neural plate (Fig. 4A) . After formation of the neural crest at stage 17, the staining marks the outer rim of neural crest and neural plate in the anterior region of the embryo (Fig. 4B) . Sections of embryos at this stage demonstrate that FoxI1c expressing cells are localised in the inner epidermal layer (Fig. 4C) , indicating an involvement of this gene in placode formation. In subsequent development, the lateral line and, more anteriorly, the profundal placode (Schlosser and Northcutt, 2000) become stained (Fig. 4D) . Finally, with the exception of the otic and the posterior lateral line placode, most of the placodes express FoxI1c, albeit at different intensities (Fig. 4E ). Corresponding sections demonstrate that the placodal cells start to migrate through the basement membrane (Fig. 4F) . Interestingly, at stage 32 the olfactory placode is stained only in the ventral half, whereas an additional expression of FoxI1c is observed in the dorsoanterior region of the eye (Fig. 4G) . At stage 41, FoxI1c becomes down-regulated, with the exception of a distinct region of the body wall lateral and posterior to the gills which might belong to the primordia of the ventral trunk line (Fig. 4H, I ).
The major difference between the expression of FoxI1a/b and FoxI1c is best illustrated by an analysis from the early blastula until the late gastrula stage. While during this period no xFoxI1c transcripts are observed, all the early stages show strong xFoxI1a/b expression within the animal half of the embryo (Fig. 4J, K) . This expression is not restricted to future ventral or dorsal regions, in contrast to that of the early panneural marker Sox3 which is expressed at the dorsal animal side and a ring around the blastopore (Fig. 4L) (Koyano et al., 1997) . Foxi1 in mouse is exclusively expressed in the otic vesicle at 9.5 days post coitum (p.c.), prior to the expression in the kidney from day 16 p.c. onward (Hulander et al., 1998; Overdier et al., 1997) . Since both the human and the rat orthologues also show embryonic expression predominantly in the developing kidney, it might be postulated that the promoter of the Xenopus xFoxI1c gene has either acquired new regulatory properties or that additional, yet unknown genes within the xFoxI subfamily exist which do not only exhibit conservation of sequence but also of expression pattern.
Materials and methods
Whole mount in situ hybridisation and RT-PCR was carried out as described previously (Pohl and Knöchel, 2001) . Primers used for RT-PCR were as follows: 
